Studies were undertaken to characterize the pattern of proximal tubular fluid (APRHIO) and bicarbonate reabsorption (APRHCO,) 
Introduction
When kidney tissue is removed surgically in the rat, the single nephron glomerular filtration rate (SNGFR)' in the remaining nephrons increases dramatically (1) (2) (3) (4) (5) (6) (7) (8) (9) . This increase in filtration rate imposes an increased reabsorptive burden on the residual nephrons, ifelectrolyte and acid-base balance is to be preserved. Previous studies have shown that the proximal tubule has a high capacity to increase fluid and bicarbonate reabsorption when SNGFR is increased acutely in normal rats (10, 11) . This high reabsorptive capacity appears to reside primarily in the early portion of the proximal tubule (1 1). Given the high SNGFR in the residual nephrons of the remnant kidney, one might anticipate therefore that fluid and bicarbonate reabsorption would increase as well, particularly in the early proximal tubule. Although bicarbonate and fluid reabsorption have been measured in the proximal tubule in the remnant kidney model of renal insufficiency by several investigators (3-6, 8, 9, 12) , the results have been conflicting. Part of the discrepancy among studies load; FPR, fractional proximal reabsorption; J, reabsorption rate per millimeter per minute; SNGFR, single nephron glomerular filtration rate. relates to differences in experimental conditions, i.e., extracellular fluid (ECF) volume, age, or species studied. In most studies, fractional fluid and bicarbonate reabsorption in the proximal tubule have been reduced, as compared to control (3, 5, 8, 9, 12 (5, 6, 8, 9 ). An increase in proximal fluid reabsorption in the isolated perfused nephron of the rabbit remnant kidney has also been observed (13) (14) (15) . Because this increase in reabsorption was present even under controlled perfusion rates in the isolated nephron, the results were interpreted to indicate that a memory effect existed and that the intrinsic reabsorptive capacity was augmented (14) .
In the present study, we have examined proximal tubular reabsorption in the remnant kidney of the Munich-Wistar rat under the steady-state condition of euvolemia (16) . We (7, 17, 18) . The protective effect of this dietary treatment resides in its ability to prevent the development of greater than normal glomerular capillary pressures and flows (7) . Because glomerular capillary hydraulic pressure and plasma flow rate are lower, SNGFR levels are lower after protein restriction for any given degree of nephron ablation (7) .
Given that protein restriction results in lower SNGFR levels, a relative reduction in tubular reabsorption is necessary ifsodium and acid-base balance are to be maintained. In the present study, we have examined whether such adaptative changes in reabsorption occur in the proximal tubule.
Our results indicate that, under conditions of euvolemia, proximal bicarbonate reabsorption in the remnant kidney increases in direct relation to the increase in filtered load; no reduction in fractional reabsorption occurs. Moreover, the pattern of response to the increase in filtered load in both the normal and low protein remnant kidney rats was indistinguishable from that observed when SNGFR is increased acutely by plasma expansion in normal rats (11) . The majority of the increase in reabsorptive rate occurred in the first 1-2 mm of the proximal Methods All studies were carried out in male Munich-Wistar rats (Simonsen Labs, Gilroy, CA). After several days of adaptation on a low-bulk, normal protein diet, the rats underwent surgery to remove renal tissue. Rats were anesthetized with sodium brevital, a right nephrectomy was performed, and then approximately two thirds of the left kidney was infarcted by ligating branches of the left renal artery. The extent of infarction was estimated from drawings of three views (dorsal, ventral, lateral) of the kidney at the time of infarction. The right kidney was weighed for later estimation of renal hypertrophy (see below). After recovery from anesthesia and surgery, the rats were placed either on a low protein (6%) or normal protein (24%) diet. The diets were made isocaloric by increasing the glucose content of the low protein mix. Both the low protein and normal protein diets were supplemented with NaCl (6 meq) and KC1 (1 meq) per 12 g of diet. The rats were fed ad libitum and provided with water to drink until the day ofstudy. Micropuncture measurements were carried out 2-5 wk after preparation ofthe remnant kidney. 12 remnant kidney rats were studied on the normal protein diet; the average time from surgery to micropuncture was 20±2 d. 10 remnant kidney rats were studied on the low protein diet; the average time from surgery to micropuncture was 23±4 d. In addition, six age-matched control animals were studied. These rats were placed on the normal protein diet, and micropuncture measurements were carried out 23±4 d later. The average weight at the time of surgical preparation of the remnant kidney was 232±3 g in the normal protein remnant kidney rats and 238±2 g in the low protein remnant kidney rats. Body weight in the six control rats when first put on the diet was 235±4 g. The control rats weighed 273±5 g at the time of micropuncture. The normal protein remnant kidney rats lost weight transiently after surgery, but then gained in a normal fashion, and weighed 247±3 g at the time ofmicropuncture (P < 0.001 vs. control). The low protein remnant kidney rats, by contrast, showed a progressive slow decline in weight from the time of surgery to the time of study, and weighed 209±3 g at the time of micropuncture (P < 0.001 vs. both control and normal protein remnant kidney rats).
The rats were prepared for micropuncture as described previously (19) . They were maintained on a small animal ventilator with added 02 to maintain 02 tension (Po2) at -100 mmHg (mean Po2 = 100±4 mmHg in controls, 97±3 mmHg in the normal protein remnant kidney rats and 114±5 mmHg in the low protein remnant kidney rats). The animals were maintained in a euvolemic state by infusion ofisoncotic rat plasma during surgery (1.3% body weight) from a donor remnant kidney (or control) rat on the same diet (16) . Subsequently, the plasma infusion rate was adjusted to maintain the hematocrit at the level seen immediately after induction of anesthesia and insertion of the femoral artery catheter (16) . At the end of surgery, 0.4 ml of Ringer's solution containing either 25 gCi (controls) or 12 gCi (remnant kidney rats) of [14C]inulin was given as a bolus and was followed by an infusion at 0.84 ml/h to deliver 52 PCi/h in control rats and 26 MCi/h in the remnant kidney rats. After a 45-min equilibration period, timed micropuncture collections were obtained from Bowman's space and from early, mid-, and late proximal tubular sites as described previously (19, 20) . The puncture sites were marked with a nigrosine-containing saline solution. At the end of the experiment, the kidney was removed, the necrotic tissue was carefully dissected away, and the viable tissue was weighed. The kidney was then digested in HCI and the micropunctured tubules were dissected out for measurement of length. The total length of the proximal convoluted tubule and/or the distance from the glomerulus to the site of puncture were measured using a calibrated eyepiece micrometer at X 72. In some tubules the outer diameter of the proximal tubule was measured at X 144 after microdissection. Blood and timed urine samples were collected during the experiment for measurement ofarterial pH, Pco2, P02, plasma sodium, potassium, and urea nitrogen concentration, urine sodium, potassium and total CO2 excretion, and inulin clearance.
Analytic methods, calculations, and statistics. Blood pH, Pco2, and Po2 were measured using a Radiometer blood gas analyzer (Radiometer, Copenhagen). Plasma bicarbonate concentration was calculated using the Henderson-Hasselbalch equation. Sodium and potassium concentrations were measured by flame photometry. Plasma urea nitrogen concentration was measured colorimetrically by the method of Crocker (21) . Tubular fluid, Bowman's space, and urine total CO2 concentrations were measured by microcalorimetry (22) . The total CO2 concentration measured in tubular fluid was assumed to equal the tubular fluid bicarbonate concentration, because we have shown previously that the Pco2 in nanoliter volume tubular fluid samples falls to zero before microcalorimetry can be performed (19) . SNGFR and proximal reabsorption rates were calculated using standard formulas. The (Table II) . In the remnant kidney rats ingesting a normal protein diet, GFR averaged 735 Al/min compared with 1,093 jl/min in control (P < 0.001). In the remnant kidney rats ingesting a low protein diet, GFR averaged 575 Al/min, a value significantly lower than both control (P < 0.001) and normal protein remnant kidney rats (P < 0.025). Fractional sodium excretion was significantly higher than control in both remnant kidney groups (Table II) . Fractional excretion of potassium was higher than control in the normal protein remnant kidney group (0.17±0.02 vs. 0.09±0.01, P < 0.025). Because potassium excretion was lower in the low protein remnant kidney group than in the normal protein remnant kidney group (278±35 nmol/min vs. 522±58 nmol/min, P < 0.005), fractional potassium excretion was not significantly increased in these rats. There were no notable differences in bicarbonate excretion; >99.5% ofthe filtered bicarbonate was reabsorbed in all groups.
Renal hypertrophy. Kidney weights and estimated hypertrophy are also shown in Table II . Left kidney weight in the control rats at the time of the experiment was significantly greater than right kidney weight in either the normal or low protein rats at the time ofsurgery. Assuming that all kidneys weighed the same (0.9-0.95 g) when the rats were first placed on the diet, these results indicate an 18-24% increase in kidney weight owing to normal growth. In the normal protein remnant kidney rats, 64.7±2.5% of the left kidney was estimated to be infarcted. At the time of micropuncture left kidney weight was 0.89 g, a value almost three times the estimated weight remaining at the time of infarction. The overall renal hypertrophy in these remnant kidneys was associated with a 33% increase in the length of the proximal convoluted table as compared with control (Table II, 7.3 vs. 5.4 mm, P < 0.00 1). In the low protein remnant kidney rats, 66.8±2.7% of the left kidney was estimated to be infarcted. At the time of micropuncture, left kidney weight averaged 0.53 g, a value significantly lower than in the normal protein group (P < 0.01). Nonetheless, renal weight at the time of study was 166% of the value estimated at the time of surgery, indicating significant hypertrophy beyond that expected on the basis of normal growth. The overall hypertrophy was also associated with an increase in the length of the proximal convoluted tubule as Table III summarizes the micropuncture observations made at late proximal tubular sites. SNGFR was significantly higher in both remnant kidney groups as compared with control, averaging 78.1 nl/min in the normal protein remnant kidney rats and 58.8 nl/min in the low protein remnant kidney rats, as compared with 40.4 nl/min in controls.
The filtered load of HCO-(FLHCO3) also increased notably in the remnant"kidney groups as compared with control. In the normal protein remnant kidney rats FLHCO3 averaged 2,013 pmol/min, as compared with 1,281 pmol/min in controls. In the low protein remnant kidney rats FLHCo3 averaged 1,641 pmol/min. In response to the increase in load, proximal HCO3 reabsorption (APRHCo3) increased in both remnant kidney groups. In the normal protein remnant kidney rats, APRHCO3 averaged 1,860 pmol/min, as compared with 1,121 pmol/min in controls. In the low' protein remnant kidney rats, APRHCO3
was intermediate in value, 1,430 pmol/min. The fraction of filtered HCO3 reabsorbed at the end of the accessible proximal tubule in the normal protein remnant kidney rats (0.92) was significantly higher than in either the low protein remnant kidney rats (0.88) or the control rats (0.88). End-proximal bicarbonate concentration was significantly lower in the normal protein remnant kidney rats than in either the age-matched control animals or the low protein remnant kidney groups. Fluid reabsorption was higher in both remnant kidney groups, averaging 31.5 nl/min in the normal protein remnant kidney rats, and 23.9 nl/min in the low protein remnant kidney rats, as compared with 19.3 nl/min in controls. In contrast to HCO3 reabsorption, however, fractional fluid reabsorption (FPRH2o) was slightly but significantly lower in both remnant kidney groups as compared with controls.
Pattern ofbicarbonate reabsorption along the tubule. In (Fig. 1 C) . In these animals, 47.3% of the filtered HCO3 is reabsorbed at the end of the first 2 mm. The data obtained in both the low protein remnant kidney rats and the age-matched control rats with filtered loads of 800-1,200 pmol/min (Fig. 1 D) also fall within the 95% Numbers in parentheses are number of observations. * Controls are from a previous study in normal two-kidney rats in which the filtered load was varied acutely by varying plasma volume and renal perfusion pressure (11) . t The remnant group includes all values from the low protein and normal protein RK rats. § For these regressions control values include both data from age-matched two-kidney rats in the present study and normal rats from a previous study (11) .
confidence bands of the normal rats from our previous study (1 1). Fig. 2 (Fig. 1) .
Pattern offluid reabsorption along the tubule. In Fig. 3 (Fig. 3 B, open symbols) , and again the pattern appears to be the same as in the remnant kidney rats although more data are needed to confirm this prediction. At all levels of SNGFR, water reabsorption increases in response to increases in SNGFR, with virtually all of the increment occurring in the first 1-2 mm of the proximal tubule. Fig. 4 shows the relationship between fluid load and reabsorption rate in the early proximal tubule. In this figure water reabsorption per millimeter per minute (JH2o) is plotted against SNGFR for all collections obtained between 0.5 and 1.0 mm from Bowman's space (solid symbols), and between 1.0 and 1.5 mm (open symbols) from the glomerulus (triangles, age-matched control rats; circles, low protein remnant kidney rats; squares, normal protein remnant kidney rats). The values obtained in the acute studies are again shown for comparison (hexagons). The relationships found in the remnant kidney rats were not significantly different from those observed in the acute studies in normal rats, and therefore the solid lines shown in the figure were obtained by linear regression for all data points (Table IV) . JH2O at any given value of SNGFR was significantly greater from collections 0.5-1.0 mm from Bowman's space (solid symbols) than that obtained for the collections 1.0-1.5 mm from the glomerulus (open symbols, P < 0.005 by covariance analysis). Thus fluid reabsorption in the early proximal tubule increased in direct relation to the increases in filtered load with the highest rates obtained in segments closest to the glomerulus.
Also shown in Fig. 4 Table IV. symbols in the shaded area). These values were calculated for the 3-4, 4-5, and 5-6-mm segments from equations describing the RK data shown in each of the three panels of Fig. 3 (see Table IV curred, and proximal reabsorptive rates were proportionately reduced as compared with the normal protein rats. In both groups the greatest adaptive alterations in reabsorption occurred in the early proximal tubule. In the subsequent discussion, we will turn our attention first to proximal tubular bicarbonate reabsorption, and then to proximal tubular fluid reabsorption. Proximal tubular bicarbonate reabsorption has been measured in the residual nephrons of the remnant kidney in four prior studies. In the first such study reported, absolute bicarbonate reabsorption was not measured but fractional reabsorption fell from 89% to 79% (12) . These investigators concluded that bicarbonate reabsorption in the proximal tubule was blunted in the remnant kidney. In the subsequent three studies, absolute rates of proximal bicarbonate reabsorption were measured and uniformly found to be increased (6, 8, 9 ). The increase above control was variable, however, and fractional reabsorption fell in two (8, 9) of the three studies. Although a reduction in fractional reabsorption might, at first glance, support the notion that proximal bicarbonate reabsorptive capacity was diminished in the remnant kidney, the observations might also be explained by the experimental setting. In two of the three studies, acute ECF volume expansion was induced with hypertonic alkali-containing solutions during the period of study (6, 8) . Despite ECF volume expansion, fractional reabsorption did not fall in one of these studies (6) . In the third study, proximal bicarbonate reabsorption was studied in immature rats under conditions of hydropenia (8 The load dependence of bicarbonate reabsorption in the remnant nephron occurs largely in the early proximal tubule. As shown in Fig. 2, JHCO3 in the first 0.5-1.0 mm ofthe proximal tubule increased from -676 to -1,390 pmol/mm *min when FLHCO3 increased from 1,400 to 3,500 pmol/min. There was only a small shift in bicarbonate reabsorption to later segments of the nephron when FLHCO3 increased (Fig. 1) ; -60% of the HCO-reabsorbed in the accessible proximal tubule was recaptured in the first 2 mm in the 1,200-1,600 pmol/min FLHCO3 range, and '-55% was recaptured in the 2,000-2,400 pmol/min FLHCO3 range.
In vivo microperfusion studies in the normal rat have suggested that proximal bicarbonate reabsorptive capacity is limited to -200 pmol/mm * min (23, 24) . However, we have recently demonstrated that this limitation is most likely confined to later segments of the proximal convoluted tubule (1 1). Early proximal tubule bicarbonate reabsorptive capacity was found to be much greater than 200 pmol/mm * min when the filtered load of bicarbonate was increased acutely by increasing SNGFR (1 1). Primarily because of the high reabsorptive capacity of the early proximal tubule (1 1), total proximal bicarbonate reabsorption increases as a function of filtered load in the normal rat when SNGFR is increased acutely (10, 11, 19) . Based on these observations, proximal bicarbonate reabsorption might be expected to increase in the remnant kidney independent of any anatomic change. To assess whether the response of the tubule to increased filtered load was different in the remnant kidney from that observed acutely, we have compared the pattern of reabsorption as a function of length along the tubule in Fig. 1 . As can be seen, for any given FLHCO3 up to 2,000 pmol/min, no difference was noted in the acute studies as compared with the remnant kidney. At FLHCO3 levels >2,000 pmol/min, insufficient acute data in normal animals are available for comparison, but the pattern of reabsorption at this level in the remnant kidney rats is similar to that observed at the lower filtered loads. The similarity in response is also apparent when one examines the relationship between FLHCo3 and JHCO3 in the early proximal tubule. No difference was noted in the slope of this relationship when the remnant kidney rats were compared with the acute studies.
In the remnant kidney, the proximal tubule increases both in diameter and length, and this change has been implicated to account for increased fluid reabsorptive capacity (13) . In the present study, the length of the proximal convoluted tubule increased by over 30% in the normal protein remnant kidney rats. In addition, the outer diameter ofthe proximal tubule increased by 45% in these animals, accompanied by a large increase in luminal diameter. Thus, the total surface area available for reabsorption increased notably. The increase in length was intermediate in the low protein remnant kidney rats, and in these animals, reabsorptive rate was also intermediate in magnitude between control and the normal protein remnant kidney rats. Such changes in surface area for reabsorption could well be a requirement for bicarbonate reabsorption to increase to the extent it does in the remnant kidney. However, given the similar pattern of reabsorption as a function of length at any given filtered load between controls and remnant kidney rats, it seems unlikely that hypertrophy is the sole factor responsible for the high rate of proximal bicarbonate reabsorption in the residual nephrons of the remnant kidney. One cannot, of course, exclude a contribution of increased tubular size to overall reabsorption. It is apparent from Fig. 1 that for any given filtered load, some additional bicarbonate reabsorption occurs as a result of the increase in length. If one uses the equations relating APRHCO3 to distance from Bowman's space (Table IV) one can estimate the contribution of the increase in tubular length to proximal reabsorption. Based on such a calculation, the 7.3-mm remnant kidney tubule in the normal protein rats could have reabsorbed -150-270 pmol/min more than the 5.4-mm control tubule, depending on the range of filtered load used. This calculated difference can account for 20-37% of the mean difference in APRHco3 between the control and normal protein remnant kidney rats. 2 We have recently also examined the pattern of bicarbonate reabsorption along the nephron in rats with chronic metabolic alkalosis, a setting in which FLHCO, is increased by increasing plasma bicarbonate concentration rather than SNGFR (25) . In these studies FLHCO3 increased to levels as high as 2,400 pmol/ min, and the pattern of bicarbonate reabsorption along the nephron even at these high loads was nearly identical to that seen in the remnant kidney rats of the present study. In the metabolic alkalosis rats, proximal tubular length increased as well, although not to the extent seen in the normal protein rem-2. This estimate assumes that the increased reabsorptive surface area has late proximal reabsorptive characteristics. Support for this assumption is the concordance between the control and remnant kidney data shown in Figs. 1 and 3 . Excluded from this analysis, however, are changes in surface area per millimeter of length owing to the observed increase in luminal diameter. Whether increases in actual brush border membrane surface area per millimeter of length also occur in the remnant kidney is unknown. filtered load is increased is a feedback-induced increase in Na+/ H' exchangers or proton translocating adenosine triphosphatase (ATPase) pumps in the luminal brush border, as depicted in Fig. 5 . Fig. 5 A depicts the normal case for reabsorption offiltered bicarbonate. After an acute increase in HCO-load, created either by an increase in SNGFR or an increase in plasma bicarbonate concentration, secreted hydrogen ions encounter more bicarbonate, and thus generate more CO2 in the tubular lumen. Because this CO2 rapidly enters the cell, more hydrogen ions are released in the cell as hydroxyl ions combine with the C02, a reaction facilitated by carbonic anhydrase (Fig. 5 B) . A transient increase in H' occurring as a result of this reaction might not only provide more substrate for H' secretion via existing pumps, but might also stimulate the insertion of additional pumps into the brush border membrane (box in B). This effect would further increase the capacity to reabsorb bicarbonate and help maintain a reabsorptive reserve capacity (Fig. 5 C) . Further studies are required to examine this possibility. However, changes in proximal tubular hydrogen ion secretory capacity occurring in response to changes in the filtered load ofbicarbonate and/or Pco2 have been demonstrated in a variety of studies. Studies in the remnant kidney in both the dog (26) and rabbit (27) have demonstrated a significant increase in sodium-hydrogen exchange activity in brush border membrane vesicles. Recent studies have provided evidence in support ofthe ability ofthe proximal tubule to adapt even more acutely to a signal for increased bicarbonate reabsorption. Within 24 h ofuninephrectomy, sodium-hydrogen exchange activity increases significantly in brush border membrane vesicles obtained from rat kidneys (28) . The degree of the increase correlated with changes in GFR and hence the filtered load of bicarbonate. Even more striking, vesicles presumed to contain hydrogen ion translocating ATPase appear to insert into the luminal membrane ofthe epithelium ofthe proximal straight tubule within 1 min after exposure to an increase in Pco2 and luminal bicarbonate delivery (29) . Both ofthese results indicate that tubular hydrogen ion secretory capacity can change much more rapidly than it takes for tubular hypertrophy to develop. Thus, the similarity between the pattern of bicarbonate reabsorption in normal kidneys after acute increases in SNGFR ( 11) and the pattern observed in remnant kidneys in the present study as well as those obtained in chronic metabolic alkalosis (25) might be reconciled by such a feedback hypothesis.
Fluid reabsorption in the proximal tubule has been measured in the residual nephrons ofthe remnant kidney both under freeflow micropuncture conditions (3, 5, 6, 8, 9) , and in isolated perfused proximal tubule preparations (13) (14) (15) . With two exceptions (3, 9) , these studies have all demonstrated that the absolute rate of fluid reabsorption in the proximal tubule is increased as compared with control in the remnant kidney. At the same time, the fraction of filtered fluid reabsorbed in the proximal tubule has been found uniformly to be reduced. As in the case of previous studies of proximal bicarbonate reabsorption, the micropuncture studies were carried out under a variety of conditions ranging from hydropenia to marked volume expansion. The results of the present study, under conditions of euvolemia, are in agreement with most previous results; absolute proximal fluid reabsorption increased significantly, and fractional fluid reabsorption fell slightly but significantly as compared with age-matched controls. Although there was no difference in dietary salt intake or volume repletion between the control and remnant kidney groups in our study, it is noteworthy that the remnant kidney rats excreted 2% ofthe filtered sodium, whereas the control animals excreted <0.4%. The rats were all fed ad libitum and are nocturnal feeders. An earlier study by one of us (16) has shown that normal rats excrete virtually all the sodium they ingest at night by the following morning. It is conceivable that the remnant kidney rats are unable to excrete their dietary sodium as rapidly. Thus, it is possible that a relative volume expansion was present in these animals, accounting for the slight fall in fractional proximal fluid reabsorption. In accord with this hypothesis, both remnant kidney groups had significantly lower hematocrits than controls (Table I) .
Despite the slight fall in fractional reabsorption, proximal fluid reabsorption was highly delivery-dependent, as was the case for bicarbonate reabsorption. Moreover, as shown in Fig. 3 , this delivery dependence was manifested primarily in the early proximal tubule. Of the total amount of fluid reabsorbed in the accessible proximal tubule, 55% is recaptured within the first 2 mm in remnant kidney rats with SNGFR levels of 45-60 nl/ min (average, 54 nl/min, Fig. 3 A) . In remnant kidney rats with SNGFR levels of 75-90 nl/min (average, 81 nl/min, Fig. 3 C) , 59% of the fluid reabsorbed in the proximal tubule was recaptured in the first 2 mm. As shown in Fig. 4 , JH2O at 0.5-1.0 mm in the remnant kidney rats increased from 9.3 to 19.8 nl/ mm * min when SNGFR varied from 50 to 120 nl/min. By contrast, calculated JH20 in the mid-to-late proximal tubule never exceeded 3.1 nl/min, even at fluid delivery rates as high as 56 nl/min (Fig. 4, open symbols) . Furthermore, it is apparent that JH20 determined by in situ microperfusion in the mid-to-late proximal tubule by Alpern and co-workers (23) is nearly identical to the values obtained by us at comparable delivery rates both in the remnant kidney and in normal rats (1 1). Thus neither the early or late proximal segments ofthe remnant kidney appear to reabsorb greater amounts of fluid per millimeter of tubule length than control rats at comparable fluid delivery rates. In the isolated perfused late proximal convoluted tubules of the rabbit remnant kidney, Trizna and co-workers found an increase in reabsorption which was independent of delivery (14) . The small increase they found, from 1.0 to 1.7 nl/mm * min, is not inconsistent with our late proximal data. The maximum calculated value of 3.1 nl/mm -min for our RK data is -0.6 mm * min greater than that seen in normal rats with SNGFR values of -40 nl/min. Thus, our data would not exclude a small increase in intrinsic fluid reabsorptive capacity in the late proximal tubule. It is clear, however, that late proximal fluid reabsorption in both normal and remnant kidneys is significantly lower than early proximal fluid reabsorption.
As in the case of bicarbonate reabsorption, the load dependence of fluid reabsorption is demonstrated by comparing the normal protein and low protein remnant kidney rats. In the latter group SNGFR is lower, and absolute proximal fluid reabsorption is proportionately reduced as compared to the normal protein rats. Thus, fractional reabsorption is identical in the two groups. Moreover, when fluid reabsorption is plotted as a function of distance from the glomerulus for any given filtered load, or as a function of FLH2O in the early proximal tubule, the response of the proximal tubule is the same regardless of protein intake (Figs. 3 and 4) .
The load dependence of fluid reabsorption in the early proximal tubule parallels the load dependence for bicarbonate reabsorption. When comparison was possible, the pattern of fluid reabsorption in the remnant kidney proximal tubule was indistinguishable from that seen after an acute increase in SNGFR in the normal kidney (Fig. 3) . Using the equations relating fluid reabsorption to length along the tubule (Table IV) , -25-40% of the increase in water reabsorption can be accounted for by an increase in length from 5.4 to 7.3 mm (control vs. normal protein remnant kidney tubule lengths). The parallel results for fluid and bicarbonate reabsorption in the present study are not surprising, given the evidence that sodium and bicarbonate reabsorption are closely linked in the proximal tubule (30) . An adaptive response characterized by an increase in the number or activity of Na'-H' exchangers could account, at least in part, for these results.
In summary, these studies indicate that the residual nephrons of the remnant kidney exhibit a normal physiologic response to the increase in SNGFR and FLHCO3 that occurs. As in the case of the proximal tubule in the normal kidney, a strong load dependence of fluid and bicarbonate reabsorption is present. These studies, in combination with previous studies from our laboratory, indicate that the pattern of proximal bicarbonate reabsorption is similar regardless of whether FLHCO, is varied by acute (1 1) or chronic alterations in SNGFR, or by chronic alterations in plasma bicarbonate concentration (25) . The increase in proximal tubular length augments this response. A similar major role for SNGFR in determining the pattern of fluid reabsorption in the proximal tubule is evident in both acute and chronic settings, with an additional factor oftubular hypertrophy contributing to the response seen in the remnant kidney. The factor that may link all of these findings is an adaptive response characterized by an increase in sodium-hydrogen exchange or H+-ATPase in the proximal tubule. Further studies are required to test this hypothesis, and to determine the mechanism by which the tubule is signalled to increase reabsorption.
